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Abstract 
Car body parts are, among other targets, designed to fulfill requirements of high performance and lightweight construction. New technologies, 
such as a die casting of hybrid materials, e.g. a combination of steel and aluminum, enable further enhancement of lightweight construction and 
therefore are able to reduce consumptions during the car usage phase. This paper presents a simplified life cycle assessment of a car body part 
consisting of steel and aluminum die cast in a process chain. The scope of the examination is from cradle-to-grave and includes several loops 
for both materials used. 
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1. Introduction 
For few years already companies not just have to solve 
pure technical and economic challenges but also have to fulfill 
ecopolitical as well as socioeconomic standards to be 
successful. The continually increasing interest of politics and 
society in issues like climate change and greenhouse gas 
emissions enhances this development [1]. 
According to [2] the automobile traffic contributes about 
12% to the overall carbon dioxide emissions of the European 
Union and therefore is currently one of the most discussed 
environmental burdens. On the one hand already specified 
legal regulations in the European Union and on the other hand 
the grown ecological thinking of people sharpen the desire of 
ecofriendly vehicles, wherefore automobile manufacturers are 
almost constrained to reduce fuel consumption associated with 
less carbon dioxide emissions of future cars and whole 
generations of them.  
So far automobile manufacturers mostly try to achieve this 
goal by using immense capabilities of weight savings in 
vehicle construction and consequently take advantage of the 
physical relation between mass and greenhouse gas emissions 
due to lower gasoline consumption. Conventional vehicles of 
large-batch production used to have a self-sustained body built 
in steel sheet shell construction, for which weight reductions 
even with usage of highly advanced materials and designs is 
limited. Therefore logical composite methods combined with 
innovative lightweight materials such as new steel grades, 
aluminum, magnesium or novel cast hybrid metals have been 
introduced recently for new car body structures.  
Notoriously the weight and consequent fuel savings during 
usage period have to face ever-growing energy input for 
manufacturing and disposal of these variants. This dilemma 
requires a questioning analysis of all ecological 
interdependencies over the entire product life cycle. 
Furthermore companies apply this integrated assessment in 
order to better determine major energy-consuming phases as 
well as greatest potentials of conserving energy during the 
entire product life cycle [3]. 
A common and partly standardized tool to analyze 
environmental impacts is the well-known life cycle 
assessment. The opportunity of comparing alternative car 
components enables the manufacturers to consider ecological 
aspects already during the development of a vehicle in order to 
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improve environmental compatibility of future car generations 
sustainably [4]. 
2. Life Cycle Assessment 
In respect to DIN EN ISO 14040/14044 life cycle assessment 
is an established methodology, which should be carried out in 
four main steps [5][6]:  
• Goal and scope definition  
• Inventory analysis  
• Impact assessment and  
• Interpretation 
During the first step of an LCA it is of utmost importance to 
define clearly and agree upon goal and scope of the study with 
reference to the implementation intended. Motivations of the 
study, target audiences and initial data requirements should be 
included in the goal of an LCA as well. In terms of the scope 
phase it is significant to define functional services and 
boundaries of the system investigated. In addition the method 
of impact assessment and interpretation, all assumptions made 
and limitations of the study shall be stated clearly and 
transparently. The representativeness of the system in regard 
to technology, geography, time, data and data sources should 
be indicated by these parameters as well. In case of 
comparative studies, the equivalence of the systems has to be 
validated before results are analyzed. It is of crucial relevance 
for the whole LCA to appropriately define all these 
parameters right at the beginning of the study. In order to 
avoid confusing results and eventually losses of time and 
money the scope needs to be well determined to address 
stated goal sufficiently. Indeed, it is also necessary to realize 
an LCA is carried out iteratively [7]. 
The inventory analysis basically represents the measurement, 
calculation or estimation of flows of materials, energy, water 
and pollutants in and out of the system boundaries. Since the 
entire study depends on the reliability of this phase, it is 
fundamental, but yet not easy to acquire these flows. The 
definition of the functional unit, the data collection and 
calculation rules, notably energy accounting and allocation 
rules need to be concerned within complex systems and 
complex flows in the product life cycle [7]. 
The impact assessment is one of the most important steps, but 
unfortunately less defined in terms of practical guidelines as 
the ones so far. It consists of the translation of strict 
consumption data into appraisable environmental impacts by 
performing three mandatory sub-phases:  
• Selection of impact categories, category indicators and 
models 
• Classification and  
• Characterization 
During the first sub-phase impact categories should be 
specified. Results from the Inventory Analysis are classified 
to particular impact categories in the second sub-phase. 
Specific impact categories could be global warming, primary 
energy depletion, acidification or eutrophication. The third 
sub-phase contains the analysis, quantification and calculation 
of impacts in each of the chosen categories. Throughout the 
whole impact assessment powerful life cycle assessment 
software solutions such as Umberto, SimaPro or GaBi 
including calculation models and extensive sets of data are 
applied to support this decisive step [7]. 
The last step of the life cycle assessment is the 
interpretation phase. As there is no clear and standardized rule 
how to interpret results of a LCA, usually a common set of 
impact categories is used to display the outcome of the 
investigation in order to present reasonable results for 
decision makers. The last step may also include the 
identification of significant parameters as well as verification 
of completeness and consistency and sensitivity analysis [7]. 
3. Hybrid Car Body Parts 
Automotive engineers have to solve the challenging 
problem of combining weight savings, functionality and cost 
effectiveness more than ever before. One answer to this issue 
is the affordable multi-material lightweight construction 
method named VarioStruct, which offers new solutions for 
pillars, longitudinal, cross and instrument panel beams as well 
as seat structures. VarioStruct not only constitutes the reliable 
combination of different materials but also unifies metal 
forming and casting techniques innovatively, see Figure 1 
[8][9]. 
Figure 1: Exemplary illustration of a hybrid car body part 
More precisely a thin-walled light metal structure is cast or 
transfused upon a classic deep-drawn sheet. The deep-drawn 
sheet both absorbs the main load and provides structure and 
attachment surfaces of the component. The component´s cross 
section is purposefully stabilized by ribs of the cast structure. 
Therefore buckling under load or bending is controlled and 
limited. Cast structure and deep-drawn plate are form- and 
force-fit connected. While the form-fit is created by cast 
aluminum rivets, the connection is completed by recasting 
around the edges of the component and shrinking of cast 
material during solidification [8][9]. 
Although the handling of the entire manufacturing process 
is quite demanding, it results in several advantages. The 
hybrid structure equally fulfills several lightweight 
construction disciplines like material minimization, 
innovative design concepts, production assembly integration 
and maintaining tolerances. Consequently saving functionless 
material optimizes the construction and leads up to 30% of 
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weight reductions compared to classical steel sheet designs 
and up to 10% compared to pure aluminum cast structures 
with identical or even better structural performance. Common 
requirements for body structures such as high rigidity and 
force level, good crash performance and energy absorption as 
well as best deformation characteristics can be accomplished 
because of determined ribbing of the cast construction. 
Moreover casting offers a wider range of framing the 
component´s geometry which subsequently enables a diverse 
integration of functionalities. Due to this principle available 
space can be used more efficiently and new space can be 
created [8][9]. 
4. Methodology 
Within a simplified LCA the environmental impacts of a 
conventional roof cross beam and a hybrid manufactured 
VarioStruct roof cross beam (see Figure 1) have been 
compared. In case of the hybrid component usage of pure 
primary or secondary aluminum as raw material has been 
distinguished additionally. Based on analyzing the whole 
product life cycle all energy and material flows have been 
gathered from cradle-to-grave (see Figure 2). That covers 
extraction and provision of raw materials and primary 
products, manufacturing and assembly, utilization in the 
vehicle and eventually recycling and disposal of both variants.  
Due to the already explained pressure by official legislative 
entities and customers themselves overall greenhouse gas 
emissions and primary energy depletion have been utilized as 
impact categories. Especially for investigating the classical 
roof cross beam, primary data was available and applicable, 
whereas secondary data, manufacturer´s information and 
empirical values were basis for analyzing the hybrid 
manufactured component. Additional information coming 
from databases of the free web portal ProBas administered by 
the Federal Environment Agency and of the GaBi 5 Software 
developed by PE International has been applied, too. Both 
contain data sets for a broad spectrum of different materials 
and processes and provide environmental data in terms of 
impact categories. It is also important to emphasize all 
primary energy input and greenhouse gas emissions have been 
noticed including their expenditures for the entire 
preproduction as far as reasonable data was available. 
Whenever it was possible, every data set refers to the location 
of Federal Republic of Germany and to the year of 2010. 
According to already implemented LCAs, energetic 
expenditures and greenhouse gas emissions for producing and 
disposing of manufacturing facilities and infrastructure have 
not been taken into account. Furthermore administration and 
transportation of staff have been discounted as well. In order 
to distribute environmental burdens to considered components 
fairly the allocation by mass has been applied. On the one 
hand it represents physical correlations appropriately and on 
the other hand most available data and limit values for 
greenhouse gas emissions within the European Union relate to 
this method. Only expenditures for lighting and ventilation 
have been quantified relating to production volume and 
machining area. Considering the last phase of life a distinction 
had to be drawn between steel and aluminum.  
The inventory analysis of the study strictly followed the 
life cycle phases. At the beginning, the ProBas database 
delivered efforts and emissions for producing galvanized steel 
sheet, primary and secondary aluminum ready for next 
manufacturing steps. Necessary information about electricity 
generation, provision and consumption of natural gas and 
fuel, compressed air generation, drinking water supply and 
treatment and last supply of lubricants and other auxiliary 
materials came mostly from ProBas and GaBi and rarely from 
other sources like [10][11][12][13][14]. Due to significant 
differences during the production sequence of the investigated 
roof cross bars the manufacturing processes have been 
analyzed separately.  
The various steps to build the VarioStruct component start 
with stamping steel sheets in the transfer molding press, for 
which empirical values from the project supporting partner 
Tower Automotive were acquired. Afterwards the most 
crucial and innovative process follows, when the lightweight 
metal structure is cast upon the deep-drawn steel sheet. 
Because this, Imperia Incorporated and the Foundry Institute 
of RWTH Aachen University supported the study strongly in 
order to make useful estimations as well as to get values from 
comparable die casting machines. 
Figure 2: simplified product life cycle of VarioStruct roof cross bar
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Together with manufacturer´s information the overall 
expenditures and emissions could be determined for the 
melting and casting process. More specifically exact 
machining times have been calculated firstly by allocating the 
mass of one roof cross bar to the reference mass. Secondly 
these machining times have been applied to determine 
required power supply and the amount of necessary mediums. 
During postprocessing less consuming machines are used. 
Namely the cast-on section is cut away by a bandsaw and can 
be recycled inside the production to lower necessary raw 
material inputs. Within an air cooling section, fresh ambient 
air flows around the remaining roof cross beam and cools it 
down. During the last automated step the component is 
stamped close-contourly by a deburring press to get rid of 
overflows and vents. Afterwards only few components still 
need to be reworked slightly by a compressed air file. 
According to the calculation procedure for the melting and 
casting process mentioned earlier, the energy demand as well 
as greenhouse gas emissions for all postprocessing steps, 
necessary auxiliary equipment and transport have been taken 
into consideration. After manufacturing the VarioStruct roof 
cross bar is also built in the vehicle, wherefore two assembly 
steps consisting of steel sheet spot welding and steel laser 
welding are applied. 
Producing the conventional roof cross bar requires less steps, 
but begins similarly with stamping three steel sheets in the 
transfer molding press. Subsequently two actions need to be 
performed in order to assemble the three single steel sheets. 
The first is spot-welding followed by applying a structural 
adhesive. Naturally the classic component is integrated in the 
car again by spot-welding, structural adhesive, but also by 
metal inert gas and laser welding. 
Concluding the manufacturing phase, measurements at the 
partners facilities as well as estimated expenditures for 
different processes have been taken into account in order to 
generate the necessary inventory analysis. Due to limitations 
in accessibility of processes and the corresponding necessary 
measurement effort for assessing every detail of the 
manufacturing phase, this procedure is suitable. 
Once the manufacturing and assembly have been 
investigated, the transportation of the roof cross beams was 
considered. In fact, a lot of transportation processes are 
completed within the boundaries of the study, only delivery of 
steel sheets and aluminum ingots as well as distribution of 
finished roof cross beams have been analyzed. The transport 
was constrained within Germany and to two trucks of 
different size. Additionally return journeys and packaging 
material have not been included in the study. The maximum 
capacity of the trucks had to be determined before primary 
energy depletion and greenhouse gas emissions for 
transporting have been allocated to a single roof cross bar by 
its mass.  
As already mentioned, the analysis of the use phase is of 
crucial relevance for answering the question whether higher 
emissions for raw material extraction and manufacturing can 
be compensated by emission savings while using the vehicle 
because of weight reductions. While effects due to primary 
weight reductions could be easily calculated by the explained 
allocation method, determining secondary weight reduction 
effects caused increased difficulties. Existing approaches for 
these secondary effects are controversially discussed at the 
moment, why values reach from about 30% [15] over 37% 
[16] to 56% [17] and even to 104% [18] of additional weight 
savings related to primary achieved reductions. Within this 
LCA the value of 30% was applied. In order to take different 
fuels into consideration both a mid-range car with comparable 
petrol and diesel engine served as a reference automobile. 
Average fuel consumption data came from manufacturer´s 
information, the average distance to be covered of a German 
car per year is 13660 kilometers [19] and the average life span 
of a German car is 12 years [20]. In reference to [21] fuel 
reduction values of 0,28l/(100km*100kg) for diesel vehicles 
respectively 0,35l/(100km*100kg) for gasoline cars have been 
applied considering secondary weight saving effects. Efforts 
for maintaining and repairing have been neglected.  
For investigating the last phase of the life cycle, only one 
kind of recycling was considered - further utilization. That 
means base material of the product is used in other 
manufacturing processes after its geometrical bond has been 
resolved. This might lead to additionally melting the steel or 
aluminum in order to be able to use it again. These processes 
bring out different products, which are neither comparable nor 
connected to the original product [4][22]. It is the most 
general approach and therefore best applicable in this study. 
According to [23] steel can be recycled almost entirely, so 
that 95% was assumed. The other 5 % are taken into disposal 
processes. GaBi software provided appropriate energy and 
emission data for disposing efforts and recycling credits, 
which indeed doesn´t include input for separating steel sheet 
and aluminum from each other and reprocessing them. In 
close collaboration with the WZL of the RWTH Aachen these 
inputs have been estimated to demand 50% of the values 
given by GaBi. This step needs to be detailed in the future as 
the conducted method is based on estimations. In case of 
aluminum a recycling rate of 90% has been applied in 
accordance with [23][24]. Again 10% are fed to disposal in 
the model. Relating recycling credits have been included to 
the amount of expenditures for manufacturing secondary 
aluminum given by ProBas online data base.  
5. Results 
In Regard to the study overall primary energy depletion as 
well as greenhouse gas emissions mainly depend on two 
parameters. These are the kind of aluminum used for 
manufacturing and the type of fuel consumed in the vehicle. 
While the expenditures of the VarioStruct roof cross beam 
with primary aluminum and the conventional roof cross beam 
differ just slightly for average usage behavior, the VarioStruct 
roof cross bar with secondary aluminum is most eco-friendly, 
as shown in Figure 3.  
The graphs illustrate clearly the strong influence of the use 
phase. In case of VarioStruct components this period 
contributes about two-thirds and for the conventional roof 
cross bar almost 90% to the overall emissions. By far the raw 
material extraction and provision causes second most 
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emissions. Apparently this issue is rooted in the carbon 
dioxide-intense processes for preparing fuels. Apart from that, 
it is really interesting to see that using secondary instead of 
primary aluminum immediately pays off from the beginning, 
which of course relates to the 95% lower expenditures for 
manufacturing it [25]. 
With the aid of further calculations the break-even points 
between the other two variants have been calculated. In terms 
of a diesel engine the primary aluminum VarioStruct roof 
cross bar causes less greenhouse gas emissions than the 
original one from an overall travelled distance of 187809 
kilometers. Regarding the petrol-powered car the VarioStruct 
beam is already profitable from 149505 covered kilometers.  
Figure 3: Results of the different alternatives with respect to greenhouse gas 
emissions 
6. Conclusion 
In this paper the overall greenhouse gas emissions as well 
as primary energy depletion of three different kinds of roof 
cross bars have been determined within a simplified LCA. In 
order to compare their environmental impacts during the 
entire product life cycle the study covered a cradle-to-grave 
balancing. Hence, all life cycle phases as well as expenditures 
with respect to different media such as electrical energy, 
materials as well as lighting and ventilation have been 
considered. Following the methodology of a simplified LCA, 
the results demonstrated that the hybrid car body parts show 
high potential, especially when using secondary aluminum. 
Also the necessary kilometer coverage for the break-even 
point can assured to be in the life span of an automobile. 
Further studies will investigate how to implement high 
ratios of secondary aluminum, as this has the biggest impact 
on the whole life cycle. Moreover, process steps will be 
improved with increased usage and the manufacturing of 
hybrid car body parts will demand less primary energy and 
emit less carbon dioxide equivalents. 
This paper showed which steps are necessary, in order to 
implement hybrid car body parts into today’s automotive 
industry. Furthermore, the crucial consumptions have been 
highlighted in order to deduct further research topics. 
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